Global sea level is rising at an increased rate since the late 19th century as a result of rising global mean temperatures. This rise is geographically non-uniform, with substantial spatial differences, and in the latest decade faster than expected. New evidence suggests that more rapid changes than indicated in the Fourth IPCC report take place in the two large continental ice sheets, Greenland and Antarctica. Consequently, the projected sea level rise threatens low-lying countries like the Netherlands. The process of 'climate-proofing' the flood protection system of the country offers, however, new opportunities for innovative solutions, providing not only higher flood protection, but also possibilities for multifunctional land-use.
Introduction
Climate change as a societal issue was raised for the first time during the international conference on climate change in Villach in 1985 and its certainties and uncertainties were assessed a few years later in the First IPCC report (IPCC, 1990) . Now, 20 years later, the theory is increasingly supported by measurements (Solomon et al., 2007) . The global average tempera ture is now 1° C higher than hundred years ago (Fig. 1) . For the Netherlands the average temperature over the last ten years has been 2° C higher than the temperature in the beginning of 20th century (KNMI, 2008) .
Burning of fossil fuels, large-scale deforestation, release of methane (mainly from agriculture) and drying peat lands are among the most important causes for this rapid worldwide temperature rise. These activities influence notably the carbon dioxide and methane fluxes, modifying the global carbon cycle. This alteration of the carbon cycle modifies in turn the radiation balance and through it the average temperature of the Earth. The human species is becoming a truly geological force, as the effect of their activities surpasses the natural effects of the changes of the Earth's orbit eccentricity, tilt and precession, causing the so called Milankovitch cycles.
IPCC infers in its Fourth assessment report (Solomon et al., 2007) that the concentrations of greenhouse gasses are expected to increase in the future, leading to further increase of temperature (Fig. 1) . IPCC projections for the end of the 21st century have a broad range: from 1.5 tot 6° C, yet the upper boundary remains a question of some debate as the impact of some feedbacks are still not incorporated in the projections and higher values cannot be ruled out.
Recent analysis by Hansen et al. (2008) , based on the relations between palaeotemperature and changes of CO 2 and the current emissions suggests, for example, that greenhouse gasses in the atmosphere at present are already at a level sufficiently high to ultimately cause global temperature rise of 6° C (see 1992 -2002 , after ACIA (2004 Higher rates within periods of 300 years (the temporal resolution of the data set) cannot be ruled out.
State of the flood protection in the Netherlands
For the Netherlands, the projected sea level rise is crucial, because major parts of the country are situated below present sea level. Currently there is a debate about the issue whether it is wise to continue urban development in the polders, lying 5 m or more below sea level. Should we continue to build higher and higher dikes, or would it be better to move to the higher are not sufficient data to evaluate the quality (see Table 1 ).
Historically, the strengthening of Dutch flood protection works shows a clear cyclic development. A major, catastrophic flooding is usually followed by a significant intensification of the investments in dike safety. After approximately 50 years the vulnerability to flooding increases, followed by the next catastrophe. In general, major catastrophes in the Dutch history occur roughly every 100 years.
The fact that for 50% of the Dutch dikes it is uncertain whether they meet the legal safety standards for flood protection works, confirms the cyclical pattern in the dike enforcement. The global world emissions have been accelerating in the latest years at higher rates than projected (Fig. 7) . Therefore (Fig. 9) .
The major short-term threat for low-lying countries like the Netherlands does not come from steady rising sea levels (this can be anticipated by raising dikes), but from sudden extreme storm surges. As a standard, Dutch law requires coastal protection works to withstand water levels that occur once in 10,000 years. The corresponding 1-in-10,000 surge level is not a static number, however -it can change due to climate change, sedimentation and erosion. For the assessment by Vellinga et al. Not only the sea, but also the river Rhine also bears a potential threat due to its ability to cause devastating floods.
Therefore it is important to know how climate change will affect the relevant discharge characteristics of the river and a 1-in-1250 return event, called 'design value' and presently corresponding with a peak discharge of 16,000 m 3 /s. According to the projections, it may rise to 16,500 to 19,000 m 3 /s in 2050 and 17,000 to 22,000 m 3 /s in 2100 as a result of climate change.
The relative change in the 1250-year peak discharge is thus 3 to 19% for 2050 and 6 to 38% for 2100 (Table 2 ). These estimates are based on the assumption, that there will be an enforcement of the river dikes in Germany. Katsman et al. in Vellinga et al. (2008) .
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Climate-proof flood protection
Although future projections are accompanied by large uncertainties, it is clear that climate change will have a serious impact on longer term safety of the Netherlands. In response to this threat various adaptation strategies can be considered. For sea level rise three main strategies can be distinguished:
-'Forward defence' -building a high strong dike far into the sea in front of the Dutch coast from Cadzand to Borkum (Fig. 10a); -'Selective withdrawal' of people and investment to the higher areas (Fig. 10b); -Defence of the present contours of the Netherlands in 2 variants: open and closed estuaries ( Fig. 10c and d) ;
The Delta Committee dismissed the first two options and The open estuary can be realised in different ways:
strengthening the existing dike rings by raising the dikes (Fig.   11a) ; introducing a multitude of smaller dike rings (so called compartimentation) (Fig. 11b) ; elevating the surface in the low-lying areas (Fig. 11c) ; building broad, unbreakable dikes (Fig. 11d) . Although each of the four options has its own advantages and disadvantages (Table 3) , broad dikes appear to be the winner because of the significantly lower damages in case of extreme high waters. In case of overflowing the damage increases gradually with higher surge levels and not abruptly as it is by the narrow dikes that will collapse in case of overflowing (Fig. 12) . Moreover, the broad dike concept allows for additional user functions like urbanisation, recreation, nature management and even agriculture to be combined with flood protection works.
Innovative dike building
As pointed out in the previous paragraphs, there is ample attention for flood-safety in the Netherlands. Not only plans, but also significant investments are being made in innovative flood protection works, including 'climate-proof ' dike systems.
The common idea behind 'climate proof' flood protection works (dikes) is that they do not collapse when the water overflows their top. Various names, given to them, such as 'Delta Dike', 'Climate Dike' and 'Broad Dike' reflect this design principle.
These names and concepts refer to robust dikes, whose width, height or internal structure make them so strong, that the risk of total failure and subsequent total inundation is virtually zero, even when the flood level is temporarily higher than the top of the dike. Even under changing climatic conditions with Beersma et al. in Vellinga et al., (2008 
